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ABSTRACT 

Using the model proposed by Anderson and Yin and Chakravarty, 
the non-Fermi behavior of Copper Oxide Superconductors has 
been analyzed using an energy dependent density of states of the 
Van Hove (logarithmic) form. The critical temperature 
degradation due to non-magnetic impurities has been analyzed. 
The values of critical temperature decrease with non-Fermi 

parameter p£- The width D of the Van Hove singularity affects 
critical temperature. The larger value of D gives large value of 
critical temperature. 

Keywords: High temperature superconductors, non-Fermi liquid 
model, Van Hove density of states, critical temperature 
degradation. 



INTRODUCTION 

High temperature copper oxide 
superconductors are materials with a normal 
state that cannot be described by Fermi 
liquid theory. 1 These are strong correlated 
electron materials. In one dimension, its 
behavior leads to the Tomonaga-Luttinger 
liquid 2 ' 3 .Various scenarios were proposed to 
explain both, the superconducting and the 
normal state of the cuprates. Among these 
models one is the non-Fermi liquid model. 



The model has a strong experimental support 
due to the many normal state properties that 
are not of the Fermi liquid type. The 
Tomonaga-Luttinger model, a non-Fermi 
liquid with no quasi-particles, is a one- 
dimensional model. The extension of the 
non-Fermi model to the higher dimensions is 
difficult and a complete microscopic theory 
in d>2 does not exist. However, Balatsky 4 
considered the superconducting state for d=2 
systems with a spectral density of the form 
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A (Afc,A<i>) - A 1 * 1 (k,Oi) r where a is 
the non-Fermi liquid parameter and depends 
on the strength of the interaction between 
electrons. 5 et = 0 case correspond to the 
Fermi liquid model. Several properties of the 
Anderson non-Fermi liquid were discussed 6 

13 

2.0 Mathematical formulae used in 
the evaluation 

In a non-Fermi liquid, the Green's 
function is written in the form 8 



■ hjc . era 

9<cn„3e 1 s + ©C-tc^ie L z 



G z (% r iv v )=g (a) " * ' 



Where 



Zstm 



(t) 



(l) 



(2) 



a characteristic energy ,cutoff &(x) the 
Heavisbide function, and OC a parameter 
that describes the non-Fermi character of the 
liquid. The limit mO corresponds to the 
standard Fermi liquid. The superconducting 
state is due to an attractive interaction V, 
and the superconducting critical temperature 
7*<? = 7*? (a) is calculated using the 
Thouless criterion 



1 - vn(Q,o) = 0 



(3) 



Where ll(0,0) is the particle -particle 
bubble given as 

11(0,0) = T c c ^ / <^<^(£i« B >Gc>(-£ -it» D ) 

n 

(4) 



Where CO = 2xT°(n + — ) are the 

2 

Matsubara frequencies. Using Eq. (1), the 
particle-particle bubble becomes 



c s n \27t) d (e\+co 2 , i y- a 



(5) 



In high-temperature superconductors, which 
are strong correlated systems, the density of 
states -will be considered of the van Hove 
form 1415 

N(e) = N(0)lne — (6) 



Where D is another characteristic 
energy. It characterizes the width of the 
singularity. Taking the energy dependent 
density of states, the particle -particle bubble 
is now given by 

n(0,0) = -2N(0)7;y (or)©.- 2 "!: ' \~deH-) 1 

m „ 

(7) 

(here the upper intergration limit has been 
extended to infinity due to the rapid decrease 
of the integrand). The integral over energies 
has been calculated using the following 
formula 

(8) 

Where B(x, y) is the beta function, J4he 
Euler's constant and y/(x) the digamma 

e 

Function. (b= — ) Now with equation (8) 
11(0, 0) becomes 
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n(Q,o)=--N(0)T; g \a)co- 2a B(-,--a)z n —^[A(a)-2\n(—)} The value of n is given by 

2 2 2 <0, a) n max D J 

(9) 

1 „s nm D 1 



WhereA(a) = -^-ln4-^( a) (10) 



2 "max 2;zT 0 2 



The sum over Matsubara frequencies is 
rewritten as 



1 ,. I' . 1 „,K 



The sums are evaluated and the results are 
given by 



^-^Wa)-2M--)]= 0Ula [25,A(o7;») + 45 2 ] 2 1 Do 

" .V,-^+ ' l< (15) 



(11) 1 2 2a 2ff M 



With 



A(<^) = [A(a)-2to(-^)] (12) 



In 4 £» 2 1 D 

5 2 = -^7+t-^7r) [^- ln (^=7r)-Tr-Tr]+: 



2 2a 2^T° 2« 2nT c ° (2af (2a) 1 



"mai 1 c c V / V / 

5, = £ 1 (13) (16) 



"=° (n + -) 
2 



With these results, /I = W(0) the coupling 

1 D 

ln(n + — ) constant and with X = , the Thouless 

27TT 



n=0 (n + -V 



— (14) 

^ n _l_^y-2a criterion(the equation for the critical 



2 temperature) becomes 



l-A gV )A 2a B(f -i - ^ )x-lnx[M 

;r 0) c 2 2 2 2a 

Here M(or) = W(~~ a )~W(~)- m tne 
«■ — » 0 limit, equation (17) reduces to 

-[lnx] 2 + 21nx + ln4-- = 0 (18) 
2 A 

With the solution 

r 0 (a = 0) = — D exp {- U ln(-) + f } (19) 



V 4a ; 2 2a (2a) 2 J 4a (2a) 2 1 

(17) 

In the weak coupling limit gives the well- 
known formula for the Van-Hove 
superconductors. 

In the CO — » 0 limit, the inverse 
scattering time is logarithmic divergent. The 
infrared divergence can be removed 
introducing by regularization, a lower 
energy CO r due to finite size of the scattering 

centers. Introducing an effective density of 
states 
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7V(0) D a Here n i is the impurities 
N eft K.OC) = - ( ) 

n l+a co c 

. ... concentration, v„ the strength of the short 

The inverse scattering time is u 

j 2) range impurities potential. The particle- 

= 7Tn.V 2 Q N ff (CC) ln( — ) particle bubble at finite temperature is given 

T(a) ' m G) r by 



11(0,0) = -ANm^ia)®; 2 "^ \d£\n(-) ^ ^ — (20) 



D 2 2n A(a)(e 2 + o^ n )\ 2 
e +a>„ [1+ — ] 



Using the Thouless criterion, the equation for the temperature degradation becomes 

+ ) 3W ^ = Q (21 

r,(flr) 2 ^»r,(a) fi( l 

2'2 

Here 7^° = 7! ° (<j) is the critical temperature for the clean case, and the following 
notations are used y = — ^ , a c = - In a =0, case equation (21) reduces to 

1 9 

21nc+ [lnc] +ln4 , , 01 „ , . 

2 1 51nc + 21n4 + 4 ^ 

1 j + = 0 (22) 

2rri6 + -[ln6] 2 +m4 l7tT < (a ~ 0)7 2\nb-\\nbf +ln4 
2 2 

With c = ^,y = ^ -,d = s- 2 ,b = - £ — (23) 



DISCUSSION OF RESULTS density of states. The critical temperature 

was calculated using the Yin and 
We have analyzed the Anderson Chakravarty method. The non- Fermi 
non-Fermi liquid model with a Von- Hove character of the liquid affects drastically the 



Journal of Pure Applied and Industrial Physics Vol.2, Issue 2, 1 April, 2012, Pages (84-141) 



Bharat Singh, et al.,J. Pure Appl. & Ind. Phys. Vol.2 (2), 104-109 (2012) 108 



values of the critical temperature that 
decreases with non -Fermi parameter OC . 
The width D of the Von -Hove singularity 
affects the critical temperature. The large 
value of the D parameter gives larger value 
of the critical temperature, because of the 
enhanced density of states. The results are 
shown in table 1. The scattering time in the 
presence of randomly distributed non - 
magnetic impurities was calculated. The 
ratio of the inverse scattering time R (in the 
non-Fermi case and when a =0) are given 
in table 2.The slope of R is affected by the 
width of the density of states singularity. 
The present work indicates that non - 
magnetic impurities affect the critical 
temperature oh the high -temperature copper 
oxides superconductors 17 22 . The decrease of 
the critical temperature with disorder is 
different from the temperature degradation 
of Abrikosov-Gorkov model. The present 
model is a non -Fermi liquid model where 
non-magnetic impurities are assumed as pair 
breakers 23 25 

Table Tl 

j, o 

An evaluated results of — — as a function of a 

D 

for 1=1 



a 


D 

— =10 


D 

— =1 


D 

— =0.1 


L 0.0 


0.22 


0.20 


0.21 


0.05 


0.20 


0.19 


0.17 


0.10 


0.18 


0.16 


0.14 


L 0.15 


0.15 


0.14 


0.11 


L 0.20 


0.13 


0.12 


0.08 j 


0.25 


0.10 


0.10 


0.06 


0.30 


0.08 


0.08 


0.04 


L 0.35 


0.05 


0.05 


0.03 


0.40 


0.03 


0.02 


0.01 



Table T2 

1 

An evaluated results of ratio R [ — : — ] as a 



T 

function of OC for A — I 



(X 


u 

— =10 


D 

<o~ 


u 

— =0.1 
<O c 


0.0 


1.04 


1.05 


1.02 


0.02 


1.12 


0.95 


0.90 


0.03 


1.15 


0.82 


0.80 


0.04 


1.17 


0.76 


0.72 


0.05 


1.20 


0.70 


0.62 


0.10 


1.22 


0.62 


0.58 


0.12 


1.24 


0.60 


0.56 


0.14 


1.26 


0.58 


0.53 


0.15 


1.28 


0.55 


0.52 


0.20 


1.30 


0.53 


0.50 
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